The outline of this paper is as follows. Some background materials on AABW are discussed in section 2, along with a review of the data set utilized in the study. We then present maps of the abyssal geostrophic circulation within the Argentine Basin in section 3.1. The magnitude and spatial scale of the variability are examined in sections 3.3-3.4. Section 4 discusses the spread of the anomaly out of the Argentine Basin, and finally, some possible causes for the variability in the AABW formation region are explored in section 5.
Introduction
The North Atlantic's dominance in renewing the global deep water pool has been recognized since the 1920s [Metz and Wrist, 1922; Reid and Lynn, 1971] . Thus most studies of decadal timescale variations in the ocean's deep waters have concentrated on the far North Atlantic and changes in the major water mass formed there, the North Atlantic Deep Water (NADW) [Lazier, 1988 The outline of this paper is as follows. Some background materials on AABW are discussed in section 2, along with a review of the data set utilized in the study. We then present maps of the abyssal geostrophic circulation within the Argentine Basin in section 3.1. The magnitude and spatial scale of the variability are examined in sections 3.3-3.4. Section 4 discusses the spread of the anomaly out of the Argentine Basin, and finally, some possible causes for the variability in the AABW formation region are explored in section 5. Less dense than AABW, LCDW from the Drake passage enters the Argentine Basin beneath the Malvinas Current [Peterson and Whitworth, 1989 ] and has a major eastward transport through the southern Argentine Basin with the Antarctic Circumpolar Current. LCDW is characterized by higher salinity and temperature than AABW, reflecting its mixture of waters from northern and southern sources. Within the Argentine Basin, we delineate LCDW as water with temperature between 0.2øC and 1.4øC and with salinity ranging from 34.68 to 34.75.
Data
In this work we compare the hydrographic data from the 1988-1989 (SAVE) cruises to earlier expeditions in the western South Atlantic (Table 1) . Artifacts of the measurement processes can appear to indicate significant variability in the property fields over the timescales we are interested in. Salinity analysis methodology in particular has changed considerably in recent decades. SAVE salinity measurements were calibrated according to the new Practical Salinity Scale Standard Seawater (batch P106), relative to KC1 standards, whereas data from the 1972 CATO VI expedition, for example (Table 1) , were calibrated relative to standard seawater batch P56 on the previous salinity scale. The CATO salinities may be systematically high relative to the SAVE data by 0.001 based on known standard seawater variations alone [Mantyla, 1986] . This potential discrepancy is smaller than the observed salinity variability discussed below.
Analysis

Circulation
Some understanding of the deep flow field is central to isolating the effect of water mass variability on the circulation and to determining the pathways through which signals of variability propagate. In this section we consider the abyssal flow, combining new data from the SAVE expedition with historical data (see Table 1 ) to look in detail at the circulation in just this region. Olbers et al. [1992] have published a map of the entire Southern Ocean which shows a temperature pattern within the Argentine Basin similar to the one inferred here but with much coarser resolution due to the map scales involved.
In Figure 2 the temperature at 4000 m is compiled to suggest the geostrophic flow pattern in the abyssal water. Through most of the basin, the water mass sampled at 4000 m is LCDW. The distribution of temperature at 4000 m is a proxy through the thermal wind relation, for the vertical shear between AABW and the overlying LCDW. We have used the information from this map and from abyssal property distributions to draw the flow schematic illustrated in Figure 3 In the southern region the characteristics of AABW are generally most extreme, i.e., coldest and freshest. Figure 6 shows the temperature-salinity relation for data collected in 1988-1989, 1987, 1986, and 1980 . The scatter within the individual data sets shows that the natural variability in the water mass averaged over such a large spatial range is fairly large. However, the data previous to 1988 are consistently warmer and saltier along isopycnal surfaces, than the SAVE data. Between 1987 and 1989, the water mass properties of AABW near the southern inflow region of the Argentine Basin shifted to become somewhat colder and considerably fresher. It is clear from Figure 6 that this type of shift cannot be accomplished by simple diapycnal mixing. It seems unlikely that simply halting inflow into the basin, given the advective-diffusive nature of the system, could generate a local extreme of temperature or salinity. In addition to the change in properties on a common isopycnal surface, the densest water seen in 1988- 1989 is lighter than the bottom water seen previously. While this seems to be a small difference in the temperature-salinity plot, the vertical scale of the anomaly is quite large (see Figure  5 ). In the abyssal layer the SAVE data are considerably less dense than the earlier data; at the bottom this difference amounts to about 0.05 m 3 kg -• in potential density anomaly (-0.008 difference in salinity ratios and -0.05øC difference on the densest SAVE isopycnal). We find no evidence of a thickening of this layer in the SAVE data from the eastern Argentine Basin (see Figure 5) ; however, the coverage in this area is poor, and it is possible that the layer is banked up against the One possible scenario is that anomalously cool and fresh, yet less dense, inflow from the south fills the western abyssal basin as denser water is advected to the northeast with the basinwide circulation. This water mass forms a new end-member on the temperature-salinity diagram, leading to the offset observed.
As there are few data in the eastern portion of the basin, we can not determine whether the densest layers have been mixed vertically into the overlying water or whether they have been advected into the poorly sampled areas.
Volumetrics
Volumetric calculations over the Argentine Basin below 3000 m for both the historical data set and the SAVE data Colder than -0.3øC, there is insufficient data to interpolate salinity correctly.
provide a means to quantify the magnitude of the AABW anomaly. Because the historical data have more even spatial coverage, though poorer vertical and spatial resolution, the data from SAVE were augmented by historical data (three stations) in the western Argentine Basin. This addition fills in the structure of the boundary current for the interpolation.
The use of these earlier data means that differences between the data sets will be reduced.
The calculations were made by vertically interpolating station data onto set isotherms. The unequally spaced data points were then gridded spatially, and volumes were computed down to the bathymetry at 5-min resolution.
The results are summarized in Table 2 . Volume within abyssal temperature layers is plotted in Figure 8 Because volume below the 0.2øC horizon has not been conserved, a change in the inflow rate of AABW is required to account for the change. However, as discussed above, a simple cessation of inflow cannot account for cooling and freshening on isopycnal surfaces. A reduction in inflow must be coupled with changes to the source waters for the inflow to account for the observed variability. It is also possible that the inflow warmed sufficiently that waters warmer than 0.2øC are partly of Antarctic origin, and that the inflow rate has not varied significantly.
Spreading
The previous sections have shown variability in the temperature and salinity of AABW within the Argentine Basin, over very short timescales (-5 years). The Argentine Basin is located close to the Weddell Sea AABW source region (roughly 15 ø latitude separation). Thus changes in AABW formation should be relatively rapidly transmitted into the Argentine Basin. However, the timescales involved suggest a more rapid and vigorous abyssal circulation than has been predicted. While we are unable to determine how fully the AABW anomaly had spread throughout the basin due to lack of data in the east, we can examine the spread of the anomaly in the DWBC and compare this "apparent" velocity to estimates of NADW spreading rate in the northern hemisphere. In the following, SAVE data collected just north of the Vema Channel outflow from the Argentine Basin are compared with historical data to show the spread of the anomalous AABW into the Brazil 
Processes
In the AABW flow system, a cold, fresh inflow to the Argentine Basin is mixed advectively and diffusively with the surrounding warmer, more saline, and less dense water mass. Thus the AABW transport equatorward becomes gradually warmer and saltier. This process of mixing is a simple two end-member process, resulting in a linear temperature-salinity profile through the deep water up to the NADW. Two types of change to this system have been isolated; a loss of the densest end-member in the mixing profile, and a shift to AABW which is colder and fresher on density surfaces. A reduction or cessation of inflow of "new," very dense AABW would lead to a gradual loss of density, as mixing acted to reduce the property gradients in the deep water. A shutoff of inflow, however, can only result in mixing along the temperature-salinity profile established; it cannot cause a shift in the deep water to a cooler and fresher state. For this, a new mixing end-member is required.
The water mass variability appears to be limited to the AABW and does not extend vertically into the LCDW. This suggests that the source of the changes is located in the Wed- [Bersch, 1988] . Because this event was more recent and had the stronger salinity signal, it seems a plausible source for the AABW seen in the Argentine Basin in 1988-1989.
While we cannot isolate a specific event as leading to the water mass variability seen, these two instances of central gyre deep convection give a possible mechanism for producing anomalous AABW. This convective middepth water mass ventilation must be directly related to atmospheric forcing within the Weddell Gyre. It seems reasonable that preconditioning of the water column through updoming of isopycnals may have occurred as a precursor to convection. Martinson et al. [1982] speculate that such preconditioning could occur in the central Weddell sea, leading to locally elevated isopycnals that are advected around the gyre with the mean flow. A cartoon showing the effects of such a preconditioning scenario, albeit larger scale, is shown in Figure 11 . Such an updoming might result from spinup of the gyre caused by anomalous wind forcing. Conservation of mass in isopycnal layers would require a corresponding downwelling at the northern boundary of the gyre as shown in the dashed portion of Figure 11 . Thus lighter fluid would impact the sills along the ScotJan Arc, leading to less dense flow out of the Weddell Sea.
In such a scenario, the maximum density of the overflow water is reduced, corresponding to the loss of the densest isopycnal layers in the Argentine Basin, as observed. The outflow water is also colder and fresher due to the midgyre convection. While this outflow water mass mixes with overlying LCDW and underlying bottom water before entering the Argentine Basin as AABW, its temperature and salinity are sufficiently lower than the observed anomalous AABW within the Argentine Basin to compensate for some mixing.
If midbasin deep convection within the Weddell Sea is the origin of the anomalous AABW seen in the SAVE data within the Argentine Basin, then the effects of the atmospheric conditions within the Weddell Sea which caused middepth convection are propagated to the deep ocean on very short time- [1983] showed a salinity change in the deep waters in the northern North Atlantic along 58øN of 0.02, about twice the signal in salinity that we see. In an average of their data, however, no appreciable change in the density of the deepest waters referenced to 2000 m is found. These measurements at 58øN are considerably closer to source waters than the measurements discussed here (50øS-30øS). Thus we feel that the magnitude of the signal, given the advective diffusive modification of the deep waters as they flow from their sources, is comparable in magnitude to the variability found in the North Atlantic. While Brewer et al. [1983] suggested that the variability seen in the North Atlantic reflected a decadal scale fluctuation, observations within the Labrador Sea [Lazier, 1988] show interannual variability in the Denmark Strait Overflow Water of a similar magnitude. Observations within the Argentine Basin suggest a long period of stable water mass properties within the AABW, followed by a rapid shift to a new state. However, interannual variability cannot be ruled out. We do not propose that variability in the deep Argentine Basin is necessarily a result of long-term or global climate change. However, high-frequency variability, such as that seen in the Argentine Basin, may indicate that the deep oceans are not as static as many studies have suggested. Thus their role as a buffer of short-term atmospheric variability may be more effective than previously believed. Furthermore, such rapid shifts in conditions may indicate that oceanic climate fluctuations can occur very rapidly, on decadal timescales, as has been suggested by Broecker [1987] and others.
